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Protein Supplements In Dry Calf Starters 
for Calves on Limited Quantities of Milk 
G. W Trimberger and H. P. Davis 
D URI NG recent years, dry calf starters, or calf meals, have come into extensive use as supplements to, or substitutes for, milk in 
the rearing of calves. Milk, whether whole or skim, has been and is 
needed for human food, and its use for livestock feeding must be of 
secondary importance. That calves, hogs, and poultry will do well 
on a ration in which milk is a part is well understood by feeders of 
livestock. The minimum of milk for calf feeding appears to depend 
upon other feeds in the ration as well as the individuality of the calf. 
Various formulas for dry calf starters have been developed that have 
produced successful results and their use has tended to reduce the 
amount of labor required in feeding calves. In most cases, such 
formulas have contained varying quantities of skim milk powder,1 
blood meal, or some such source of animal protein. Usually proteins 
are relatively expensive and the availability or price may make it de-
sirable to use one in preference to another. This experiment was 
undertaken to determine the usefulness of various high protein con-
centrates of animal and plant sources in comparison with dried skim 
milk in calf starters during the early stages of calf growth. 
Review of Literature 
Dried skim milk has been recognized as a good calf feed for many 
years. Rupel (13) at the vVisconsin Experiment Station found liquid 
skim milk and dried skim milk, or skim milk powder, equal in feeding 
value on a dry matter basis, a conclusion to which most feeders of 
calves would now agree. Consequently, in recent years, the check 
group in calf feeding experiments has usually been fed on either liquid 
or dried skim milk after a short initial period of whole milk feeding. 
Savage and Crawford (14) at Cornell conducted an investigation to 
determine the quantities of dried skim milk needed in calf starter 
mixtures to obtain normal growth. They concluded that there was 
no advantage in using more than 22 percent of dried skim milk in a 
calf starter and that after 16 weeks of age, it was not neeeded. 
The literature indicates that the age at which calves can be weaned 
or placed on a diet of dry calf starter without liquid feed ranges from 
four to nine weeks of age. When calves are fed a minimum quantity 
of milk and coaxed to eat grain, they are induced to eat the needed 
quantity of dry calf starter feed at an early age. Bender and Bartlett 
(1) at New J ersey weaned calves from milk at 30 days of age and used 
1 A Federal bill has now been passed establishing the designation of "nonfat dry milk solids" 
or " defatted milk solids" for skim milk powder or dry mi lk powder. 
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various dry calf starters. Practicall y all the calves were retarded in 
weight-growth the first ten days thereafter, and sometimes that lag 
period extended over the first 30 days on the dry rations. Morrison 
and Rupel (11) at Wisconsin reared calves on a minimum quantity 
of whole milk and in no case allowed over 400 pounds per calf from 
birth until weaning time which was from seven to nine weeks. 
A number of research workers have reported favorably on the use 
of blood meal as a source of protein for calf feeding. Maynard and 
Norris (9) at Cornell used 100 pounds of soluble blood flour in a 1030 
pound calf starter fed to calves weaned at the age of four weeks. One 
experimental group, during the first six months on the blood meal 
mixture, averaged a gain of 1.44 and another group gained 1.70 
pounds per day. The smaller gain was considered normal and the 
larger gain averaged well above normal weight-growth figures . Bender 
and Bartl ett (1) found blood flour was one of the bes t sources of pro-
tein in a number of dry calf starter mixtures fed to calves weaned at 
30 days of age. Krauss and Monroe (8) in experiments conducted 
with calves at the Ohio Experiment Station found ordinary blood 
meal as satisfactory as the spray-dried soluble blood flour for use in the 
formula of the New J ersey Calf Meal. The dry-feed system of feeding 
calves was used and 12.5 percent of each blood product was included 
in the mixtures. The average daily gain of the calves for a period of 
six months was 1.50 pounds for the soluble blood meal and 1.49 
pounds for ordinary dried blood. Savage and Crawford (14) reported 
satisfactory gains from calves fed blood flour in the calf starter at the 
rate of 50 pounds of blood flour in a 4 I 6 pound mix. Up to 26 weeks 
of age, these calves gained an average of 1.51 pounds daily which was 
considered normal. However, it should be mentioned that at 16 
weeks these calves were somewhat below normal, but this is partially 
due to the small amount of whole milk allowed (150.8 pounds) and 
the unpalatability of the dry calf starter. Williams and Bechdel (18) 
at Pennsylvania found skim milk and blood meal of equal value as a 
source of protein in calf rations . 
In a calf feeding trial conducted here by Hathaway, Trimberger, 
and Davis (6), the calves were allowed whole milk for three weeks and 
after that time each calf received 50 pounds of skim milk plus 34 
pounds of a mixture of 25.9 pounds of dried whey and 8.1 pounds of 
blood meal, up to 52 days of age. Following that period, the calves 
were fed on a dry calf starter containing dried whey and expeller 
soybean meal as the chief sources of protein. Calves in this experi-
ment, totaling 21 weeks (3 to 24 weeks of age), had an average daily 
gain per calf of 1.5 I pounds. 
The use of soy beans and soybean meal in the ra tion involves the 
ques tion of using proteins of plant origin compared with the common 
practice of using those of animal origin, in rearing young calves. 
Morrison and Rupel (11) reared calves to six months on a minimum 
quantity of milk and a simple grain mix with no animal by-product 
as a source of protein. In no case did the allowance of whole milk 
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exceed 400 pounds per calf from birth to weaning at seven to nine 
weeks of age. The grain mix consisted of simple concentrates with 
equal parts, by weight, of ground corn, ground oats, wheat bran, and 
linseed meal which was fed with hay, water, and salt after weaning. 
These calves gained 1.30 pounds per head daily to six months of age 
which was below normal and was significantly smaller than the average 
gains (1.49 and l.69 pounds) of two trials in which 16 percent of dried 
skim milk was included in the grain mix. Bender and Bartlett (1) 
weaned ca lves from milk at 30 days of age and used various grain 
mixtures containing both animal and plant proteins . Although all 
the calves were retarded in weight-growth the first ten days and some 
for 30 days after they received the dry rations, these research workers 
concluded that apparently the calves on the rations using linseed oil 
meal as a protein supplement did as well as those r eceiving either dried 
skim milk powder or blood flour as a source of protein. Berry (2) 
allowed calves to nurse for eight weeks and then fed them grain mix-
tures containing either linseed meal or dried skim milk as a source 
of protein. The group receiving the linseed meal gained an average 
of 1.30 pounds per calf up to 21 weeks of age, and two groups receiving 
dried skim milk in their grain mixture gained an average of 1.38 and 
1.49 pounds per calf daily. This is not a practical comparison since 
the calves were allowed to nurse for eight weeks. This is such an 
uncommon pract ice as to detract from the significance of the r esults. 
Another question of importance, from the standpoint of this r e-
search, is how soy beans and soybean meal rate among the proteins 
of plant origin as a supplement in dry calf starters. Only a meager 
amount of information is available on this question. Hilton et al (7) 
at the Purdue U niversity Agricultural Experiment Station found raw 
ground soy beans and linseed meal eq ual in feeding value for growing 
dairy animals but the calves were not started on these r a tions until 
they were weaned at an age of 64 days in the first trial and 90 days 
in the second trial. Shoptaw (16) at the Panhandle Agricultural Ex-
per iment Station, Goodwell, Oklahoma, conducted an experiment in 
which he tried to substitute milk prepared from soybean flour for 
cow's milk in the ration of dairy calves. One group of calves was fed 
cow's milk at the usual rate used in common herd practice. A second 
group was fed soybean milk prepared by stirring one part of soybean 
flour into nine parts of warm water and feeding it a t body tempera-
ture starting at the 25th day of age. Up to 70 days of age the soybean 
liquid-fed group averaged a daily gain of 0.9 pounds and the check 
group on whole and skim milk, l .24 pounds per calf. The soybean-
fed calves did not show a thrifty condition throughout the trial and 
they did not relish the soybean milk. Skinner and King (17) in a trial 
at the Indiana Experiment Station compared soy beans to cottonseed 
m eal in the ration of H ereford feeder steers weighing initially about 
500 pounds and found that the soy beans did not produce as m_uch 
gain as did the cottonseed meal. Adding the soy beans to the shelled 
corn decreased the appetites of the cattle for the concentrates so they 
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consumed about one-half pound less of it daily. In view of the fact 
that roasting the soy beans is definitely known to improve their palata-
bility and markedly increase their efficiency as a supplement to corn 
for hogs and poultry, it seemed advisable to try roasted soy beans in 
the ration of fattening beef calves, but no beneficial results were 
obtained since roasting did not improve the gain and feed con-
sumption was not increased since the roasted soy beans depressed the 
appetite the same as did the raw soy beans. 
A point that should receive consideration in comparing calf rations 
over a long growth period is the ability of a growing calf to recover 
from stunted or retarded growth when more favorable conditions are 
provided later. Several investigators, Eckles and Swett (4) and Mead 
et al (10) have given conclusive proof that an animal may be tem-
porarily stunted and later under favorab le conditions may recover 
so that the individual reaches the normal size of the breed. This may 
be accomplished by a more rapid rate of growth or by prolonging the 
period of growth. Body weight was much more easily influenced than 
the skeletal growth. If retardation, especially in skeletal growth, h ad 
gone too far, the animals did not reach normal size . The time re-
quired to return to normal was apparently dependent upon the degree 
to which the growth of the calf was checked after the weaning period 
and upon the amount and quality of feed supplied to make up the 
deficiency. 
In research work it has been found useful to have a normal stand-
ard as a basis of comparison for the growth of experimental animals. 
This should not eliminate or take the place of a check group, but 
should serve as a means to support and strengthen such a group and 
provide a valuable criterion with which to evaluate and compare the 
r esults obtained. with this thought in mind, some carefull y prepared 
and well r ecognized normal growth standards for body weight and 
height at withers will be cited. Savage and McCay (15) collected 
data at Cornell from the investigations with different calf starters and 
they have given standard weights which may be expected when calf 
starters are used. These data are especially valuable for comparison 
with results obtained from investigations using the dry calf starter 
system of feeding. The standard weights given for 30 Holstein calves 
from birth through 16 weeks of age were as follows : 
Age 
Birth 
Weight in Pounds 
95.5 
1 week ............. .. ........ .. .... ... ... ........ ... .... . 95.3 
2 1'!eeks . . . .... ........ .. ... . 
3 weeks . . ................ .. . . 
4 weeks ... ..... .. .. ... ... .... . 
5 weeks .. 
6 weeks. 
7 weeks .. 
8 weeks ... 
9 weeks 
10 weeks 
99.6 
104.9 
11 3.5 
121.2 
131.0 
141.7 
152.7 
164.2 
177.5 
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11 weeks .. 
12 weeks 
13 weeks 
14 weeks 
15 weeks 
16 weeks .. 
189.9 
203.0 
216.1 
230.1 
244.3 
258.3 
Average daily gain , birth through 16 weeks, is l.45 pounds. 
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Savage and Crawford (14) reported that 56 Holstein calves on a 
calf starter mixture with dried skim milk in the ration for 16 weeks 
gained an average of 1.56 pounds daily up to an age of six months. 
In this case the gains are somewhat larger than in the preceding 
reference. The time interval is longer since the first six months are 
included instead of only the first 16 weeks. Eckles and Swett (4), 
Eckles (3), Espe, Cannon, and Hansen (5), and Ragsdale (12) have 
compiled data on normal weight growth and skeletal development at 
height of withers. Their normals are given in Table 1 and in every 
case the averages are obtained from sufficient numbers to furnish an 
accurate indication of normal development. Ragsdale's data included 
over 200 individuals from the Missouri, Kansas, and Iowa Agricultural 
Experiment Station herds. 
Table I. Standard W eights and Heights at Withers for Holstein Calves from Birth 
to 6 Months of Age 
Body Weights Height at Withers 
Age Eckles & Eckles & 
Swett; Espe et al Ragsdale Swett; Espe et a l R agsdale 
Eckles Eckles 
lbs . lbs. lbs. cm . cm. cm . 
Birth 90 89 90 71.8 73 .9 
I month 121 98 11 2 76.8 74.5 77.7 
2 months 157 I 32 148 82 .0 78.9 82.0 
3 months 200 182 193 86 .8 85 .3 87 . I 
4 months 249 237 243 92.0 9J.l 92.0 
5 months 302 294 297 96.5 94.0 95.8 
6 months 349 358 355 100.9 100.7 100.8 
Total ga in 259 269 265 29. 1 26.9 
Average 
daily gain 1.42 1.48 1.46 .16 .15 
Exnerimental Procedure 
i 
The grade Holstein heifers used in this experiment were purchased 
from whole milk fed calves offered for sale on dairy farms and at 
public markets in southwestern Wisconsin on May 24, 1943. The 
calves were selected for good dairy type, uniformity, vigor, strong 
bone development, a deep body, freedom from disease, and an age 
range from 14 to 21 days. They were transported to the Nebraska 
Experiment Station in a double-decked truck which had a tarpaulin 
for protection on top, on the back, and on one side. The calves did 
not receive any food during the 24 hours r equired in transit to Ne-
braska. During the next four days special feeding procedures were 
used to help the calves recover from any possible ill effects of being 
deprived of food during the transit period. Since too large a quantity 
following such withholding of food may cause indigestion, the calves 
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were fed twice daily, half skim and half whole milk, at the rate of 
three pounds per feed on the first day and 3½ pounds per feed on 
the second day. The milk was changed to three-quarters skim and 
one-quarter whole milk for the next two days during which the allow-
ance was four and 4½ pounds per feed on the successive days. 
The 56 calves were divided into six experimental groups according 
to weight, height at withers, heart girth, diagonal length, and general 
condition. The experimental feeding period started on May 29, J 943 
the fifth day after their arrival at the Nebraska Station at which time 
the calves averaged approximately three weeks of age. The feeding 
plan was designed to provide each calf in each group with 50 pounds 
of skim milk during the first nine days of the experiment. Each group 
was to be fed a dry calf starter consisting of a basa l ration bal-
anced to the same percentage of protein by the addition of one or 
more different sources of protein. The basal mixture consisted of 
150 pounds of ground yellow corn, 150 pounds of ground oats, 100 
pounds of wheat bran , and 100 pounds of soybean meal (expeller 
process) plus 12 pounds of steamed bone meal and 6 pounds of iodized 
salt except for Group III where ground soy beans substituted for soy-
bean meal. After four months of age, the supplements in the several 
starters were discontinued and the basal ration was fed to all groups. 
The composition of the experimental calf starters for the various 
groups according to average figures from "Feeds and Feeding," 20th 
Edition, by F. B. Morrison, follows: 
Lbs. 
150 
150 
100 
150" 
12 
6 
Group I (Soy bean Meal) 
Ingredient 
Corn, yellow, ground 
Oats, ground 
Bran, wheat 
Soybea n meal (41 %) 
Bone meal, steamed 
Salt, iodi zed 
Digestible 
Prote in 
lbs . 
10.650 
14.100 
13.100 
52 .200 
568 90.050 
15.854% 
• 100 pounds is the quantit y in th e basa l mi xt ure plu s 50 pounds. 
Lbs. 
150 
150 
100 
100 
27 
12 
6 
545 
Group II (55 % Digester Process Tankage or Meat M ea l) 
Ingredient 
Corn , yellow ground 
Oats, ground 
Bran , wheat 
Soybean meal (41 %) 
Tankage or meat meal (55 % ) 
Bone meal , steamed 
Salt , iodized 
Digestible 
Protein 
lbs. 
10.650 
14.100 
13.100 
34.800 
13,905 
86.555 
15.882% 
Total 
Digestible 
N utrients 
lbs . 
120.900 
107.250 
70.200 
120.750 
419.100 
73.785 % 
Total 
Diges tible 
N utrients 
lbs. 
120.900 
107.250 
70.200 
80.500 
20.034 
398.884 
73.190% 
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Group III (Ground Soy Beans) 
Total 
Ingredient Digestible Digestible 
Protein N utrients 
Lbs. lbs. lbs. 
150 Corn, yellow ground 10.650 120.900 
150 Oats, ground 14.100 107.250 
100 Bran, wheat 13.100 70.200 
168 Soy beans, ground 55,104 144.816 
12 Bone meal, steamed 
6 Salt, iodized 
586 92.954 443.166 
15.862% 75.626% 
Group IV (Whey and Blood M eal) 
Total 
Ingredient Digestible Digestible 
Protein N utrients 
Lbs. lbs. lbs. 
150 Corn, yellow ground 10.650 120.900 
150 Oats, ground 14.100 107.250 
100 Bran, whea t 13.100 70.200 
100 Soybean meal (41% ) 34.800 80.500 
100 Whey, dried 11.900 84.100 
24.5 Rlood meal (80% ) 17.322 18.596 
12 Bone meal, steamed 
6 Salt, iodized 
642.5 101.872 481.546 
15.856% 74.949% 
Group V (Dried Skim Milk) 
Total 
Ingredient Digestible Digestible 
Protein Nutrients 
Lbs. lbs. lbs. 
150 Corn, yellow ground 10.650 120.900 
150 Oats, ground 14.100 107.250 
100 Bran, wheat 13.100 70.200 
100 Soybean meal (41% ) 34.800 80.500 
55 Skim milk, dried 18.205 46.255 
12 Bone meal, steamed 
6 Salt, iodized 
573 90.855 425.105 
15.856% 74.189% 
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Group VI (Blood Meal) 
Total 
Ingredient Digestible Digestible 
Protein N utrients 
Lbs. lbs. lbs. 
150 Corn, yellow ground 10.650 120.900 
150 Oats, ground 14.100 107.250 
100 Bran, wheat 13.100 70.200 
100 Soybean meal (41 % ) 34.800 80.500 
17.5 Blood meal (80%) 12.373 13.283 
12 Bone meal, steamed 
6 Salt, iodized 
535.5 85.023 392.133 
15.877% 73.227% 
The contemplative amount of skim milk and protein supplement 
to be fed daily is given in Table 2. The calculated quantities were 
such as to encourage the early consumption of hay and grain. As the 
quantity of skim milk allowed decreased, the protein supplement was 
increased accordingly. The supplement for each group consisted of 
the same protein feed as was used in the calf starter for that particular 
group. Each group was kept on liquid feeding of protein supple-
m ent for a period of 30 days or until the calves reached the age of 52 
days by which time dry feed consumption was adequate. The protein 
supplement used during the liquid feeding period and the amount 
per calf for each group follows: Group I-Soybean Meal-25.3 pounds; 
Group 2-Tankage-17.l pounds; Group 3-Ground Soy Beans-27 
pounds; Group 4-Whey-25.9 pounds and Blood Meal-8.1 pounds; 
Group 5-Dried Skim Milk Powder-26.5 pounds; and Group 6-Blood 
Meal-12.5 pounds. Each protein supplement was mixed thoroughly 
with three pounds of warm water at the time of feeding. 
The total quantity of protein supplement allowed each calf during 
the 30-day liquid feeding period was weighed into a large lard can on 
which the number of the calf to which it was to be fed was stenciled. 
Each day the daily allowance of the protein supplement was weighed 
from the large supply can to a small three-quart can on which was 
stenciled the calf's experimental number. Approximately half of the 
daily allowance of the mixture was fed at the 6:00 a.m. feeding and 
the remainder at the 5:00 p.m. feeding. At the start of the experi-
ment, the protein supplement was fed by stirring into the skim milk 
and when the amount of skim milk was decreased to less than three 
pounds at a feeding, water at 100 degrees Fahrenheit was added so 
that the quantity of liquid given at each feeding was not less than 
three pounds. 
Vitamins A and D were supplied by giving each calf ten milliliters 
(two teaspoonfuls) dail y of a vitamin concentrate2 during the liquid 
2 The vitamin concentrate was NOPCO XX, distributed by National Oil Products Company of 
Hanison , New Jersey. It was guaranteed to conta in 400 U .S.P. XI units of vitamin D and 3000 
U.S.P. XI units of vitamin A per gram. :Methods for the determination of U.S.P. units are given 
in the Second Supplement to the U. S. Pharmacot1oeia, 11 Decennial R evision. 
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Table 2. Amounts of Skim Milk and of the Protein Supplement 
Allowed Each Calf Daily 
Groups 
Protei n Supplement 
D ay I to 6 Group I I Group 3 I Group 4 ' I Group 5 I Skim Mi lk Soybean Group 2 Soy Beans Whey and Dried Group 6 
Meal Tankage Ground Blood Meal Skim Milk Blood Meal 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
I IO 
2 8 .2 . I .2 .3 .2 .I 
3 7 .4 .3 .4 .5 .4 .2 
4 6 .5 .4 .6 .7 .5 .3 
5 5 .7 .5 .8 .9 .7 .4 
6 4 .9 .6 .9 1.1 .8 .4 
7 4 .9 .6 .9 I.I .8 .4 
8 3 1.0 .6 1.0 1.2 .9 .4 
9 3 1.0 .6 1.0 1.2 .9 .4 
IO l.3 .9 1.4 1.8 1.4 .6 
11 1.3 .9 1.4 1.8 1.4 .6 
12 1.3 .9 1.4 1.8 1.4 .6 
13 1.3 .9 1.4 1.8 1.4 .7 
14 1.3 .9 1.4 1.8 1.4 .7 
15 1.3 .9 1.4 1.8 1.4 .7 
16 1.2 .8 1.3 1.6 1.3 .6 
17 1.2 .8 1.3 1.6 1.3 .6 
18 I.I .8 1.3 1.6 1.3 .6 
19 1.0 .7 1.1 1.4 I.I .5 
20 1.0 .7 I.I 1.4 I. I .5 
21 1.0 .7 I.I 1.4 I.I .5 
22 .8 .5 .9 I.I .9 .4 
23 .8 .5 .9 I.I .9 .4 
24 .8 .5 .9 I.I .9 .4 
25 .6 .4 .6 .8 .6 .3 
26 .6 .4 .6 .8 .6 .3 
27 .6 .4 .5 .8 .6 .3 
28 .4 .3 .4 .5 .1 .2 
29 .4 .3 .4 .5 .4 .2 
30 .4 .2 .4 .5 .4 .2 
Totals 50 25.3 17. 1 27.0 34.0 26 .5 12 .5 
DIG ESTIBLF. PROTEI N 
l.750 8.804 8.807 8.856 8.809 8.772 8.838 
TOTAL D IGESTIBLE NliTRIEN T3 
4.300 20.367 13.338 23 .274 27 .930 22.287 9.488 
• Blood m eal-8.1 pounds; Dried whey 25 .9 pou nds. 
feeding period mixed with the liquid once daily. At the completion 
of the liquid feeding period, or after 52 days of age, when the calves 
received only hay and grain, the vitamin concentrate was mixed with 
the grain at the rate of one percent, up to three months of age, and 
0.5 percent between the age of three to five months after which it was 
discontinued. 
For the first 13 weeks of the experiment, the calves were tied from 
6 a .m. until 5 p .m. during which time they h ad free access to the 
grain mixture from individual feed boxes. The actual quantity of 
grain consumed by each individual was determined at weekly intervals. 
Each calf had a wooden supply box with the experimental number 
stenciled on it in which the grain for the coming week was weighed. 
D aily feedings were then taken from the supply box for each calf and 
placed in the individual feed boxes. The calves were allowed all the 
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grain they could consume up to five pounds dail y and when this level 
of intake was reached, the grain was measured at approximately five 
pounds from the supply box for each calf once daily. Whatever grain 
remained from the week's allowance in the supply box after the grain 
was measured out the first six days was given to the calf for the seventh 
day. From the 13th to the 23rd week of the experiment, the daily 
allowance of grain was reduced to four pounds per head daily and 
the calves were tied for grain feeding two hours in the morning from 
7 to 9 a.m. and 3 to 5 p.m. in the afternoon. During the time the 
calves were not tied, a sliding panel was dropped so the calves did 
not have access to the grain. Green alfalfa hay (U. S. No. 1 grade) 
was fed to the calves in groups from a rack in their pens to which the 
calves had access whenever they were not tied for grain feeding. The 
amount of hay added to the feeders was recorded and that not con-
sumed was weighed back once each week so the hay consumption was 
determined for each experimental group at seven-day intervals . The 
calves had access, at all times, to clean water in galvanized iron pails. 
Calves were housed in a tile and stucco barn with loft above. Ven-
ti.Jation was furnished by two large exhaust fans and windows could be 
tilted. All of the calves were turned outdoors for exercise several 
hours each day whenever the weather was suitable. The outdoor 
exercising lots had concrete floors which were easily cleaned and kept 
in a sanitary condition. 
The calves were weighed and measured individually at seven-day 
intervals. Measurements taken were height at withers and diagonal 
length by the use of metal calipers, calibrated in cen timeters, and the 
heart girth with a cloth tape measure, calibrated in centimeters. 
H eight was measured from the floor to the withers and diagonal 
length from the shoulder point to the pin bones. The heart girth 
was taken with a cloth tapeline at the sixth r ib. 
The feeding schedule given under experimental procedure and in 
Table 2 was followed without change for all groups except Groups 
1 and 3. A change was n ecessitated in these two groups since the 
calves were not able to m ainta in their weight on either the soybean 
meal or ground soy beans. Although free from disease, the calves in 
these two groups appeared very emaciated and several individuals in 
each group became so weak that they could not stand upright. 
The condition of the calves in Group 1 was indicated by their 
weight which at the end of the third week of the experiment showed 
an average gain per calf of only .3 pound over the initial weight. For 
this reason Group 1 was changed to the feeding schedule shown in 
Table 3. The calves were continued on the calf starter .containing 
soybean meal as a source of protein, but liquid skim milk was fed at 
the rate of eight pounds da ily to calves numbered 1, 2, 3, 5, and 6. 
Calves 7, 8, and 9 in this group were so emaciated that 12 pounds of 
whole milk were allowed daily in order to save the calves. Calf 
number 7 r eceived whole milk for four weeks after which it was 
changed to skim milk. At four months of age the skim milk feeding 
T a ble 3. Croup ] - W hole Mi lh, Sk im, Milk, and Soybean M eal Consu med by Each Calf by_ W eeks* 
Ca lf I Ca lf 2 Calf 3 Calf 5 Ca lf 6 Ca lf 7 Ca lf 8 Ca lf 9 Tota l 
W eek Age 
. I I Soy-of of . I Soy. . I Soy- I Soy- . I Soy- \ Soy- I I Soy- Sk_i m I Wholel g~;~ . I I Soy-Exp. Ca lves Ski Jll bean Sk_11n bean Sk_im bean Sk im bea n Skim bean Skim W hole bean Sk_rrn W l~olc bea n Sk im Whole bea n 
'll'W Mea l M Ii k Mea l M Ii k Mea l Mi lk Meal Milk Mea l Mil'· Mi lk Mea l M Ii k M Ii k Mea l M Ii k Milk [ Mea l MIik Milk Mea l 
N o . Wks. lbs. lbs. lbs. lb s. lb s. lbs. lbs. lbs. lbs . lbs. lbs. lb s. lb.,. lb s. lb s. lbs. lbs. lb s. lb s. lbs. l/1s. lb s. 
1 4 44.0 3.6 44.0 3.6 44.0 3.6 44.0 3.6 44 .0 3.6 44.0 3.6 44.0 3.6 44.0 3.6 352 .0 28.8 
2 5 6.0 8.5 6.0 8.5 6.0 8.5 6.0 8.5 6.0 8.5 6.0 8.5 6.0 8.5 6.0 8.5 48.0 (i8. 0 
3 6 50.0 7.8 50.0 7,8 50.0 7 .8 50.0 7.8 50.0 7.8 50.0 7.8 50.0 7.8 50.0 7.8 400.0 (i2.4 
4 7 54.0 4.6 54.0 4.6 54 .0 4. 6 54 .0 4.6 54.0 4.6 56.0 4.6 56.0 4 .6 56.0 4. 6 438.0 % .8 
5 8 56.0 .8 56.0 .8 56.0 .8 56.0 .8 56.0 .8 12 .0 64.0 .8 12.0 64.0 .8 12 .0 64.0 .8 316.0 192 .0 6.4 
6 9 56,0 56.0 56.0 56.0 56.0 84 .0 84 .0 84.0 280.0 252.0 
7 10 56 .0 56 .0 56.0 56.0 56.0 84 .0 84 .0 84 .0 280.0 252.0 
8 11 56 .0 56.0 56.0 56.0 56 .0 38 .0 46.0 84,0 84.0 3 18.0 2 14.0 
9 12 56,0 56.0 56.0 56.0 56.0 84.0 84.0 84.0 364.0 168.0 
10 13 56 .0 56.0 56.0 56.0 56.0 84.0 84.0 84.0 364.0 168 .0 
12 15 56.0 .'\6 .0 56.0 56.0 56.0 84.0 84.0 84.0 364 .0 168.0 
II 14 56.0 56.0 56.0 56.0 56.0 84.0 84.0 84.0 364.0 l (i8 .0 
13 16 52 .0 52 .0 52.0 52 .0 52 .0 74 .0 8.0 76.0 8.0 76,0 350.0 152.0 
14 17 26.0 26.0 26.0 26.0 26.0 26.0 60.0 24.0 60.0 24.0 276.0 48.0 
15 18 84.0 84,0 168.0 
16 19 84.0 84.0 168.0 
17 20 84 .0 84.0 lti8.0 
18 2 1 84.0 84,0 168 .0 
19 22 84 .0 84.0 168.0 
20 23 84.0 84.0 168 .0 
2 1 24 82.0 82 .0 164.0 
22 25 39.0 39.0 78.0 
23 26 3.0 3.0 6.0 
Total 680.0 25.3 680.0 25 .3 680.0 25 .3 680.0 25 .3 680.0 25 .3 642 .0 278 .0 25.3 864.0 752.0 25 .3 864 .0 752 .0 25 .3 5770.0 1782.0 202.4 
• Group I fai led Lo gain on th e proposed rat ion (T able 2) and it. was necessary to add m il k in order to save the calves, 
Table 4. Group ]-Whole 1Wi lk, Skim Milk, and C round Soy Beans Consumed by Each Calf by Weeks* 
Week Ca lf 19 Calf 20 Calf 21 Ca lf 22 Ca lf 23 Calf 24 Ca lf 25 Calf 26 Ca lf 27 Tota l Age 
of of k I Gr. . I Gr. k j Gr. k I Gr. . I Gr. k ' I Gr. k I II I Gr. Ski m I Who!</ s~~-- . I I Gr. Gr. Exp. Calves S 1m Soy- Ski m Soy- S !m Soy- S 1m Soy- Ski m Soy- S !m Soy- S 1m W we Soy- Skim W hole Soy- Skim \ W ho le / Soy-
Milk beans M Ii k beans Mil k beans Mil k beans Mi lk beans Mil k bea ns Mi lk MIik beans MIik Milk beans M Iik MIik beans Milk Mi lk bea ns 
No . Wi<s. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs . lbs . lbs. lbs. lbs. lb, . lbs. lbs. lb s. lbs. lbs. 11,s. lb s. lbs . lbs. 
I 4 44.0 3.8 44.0 3.8 44.0 3.8 44.0 3.8 44.0 3.8 44 .0 3.8 44.0 3.8 44.0 3.8 44.0 3.8 396.0 34.2 
2 5 6.0 8.3 6.0 9.0 6.0 7.8 6.0 9.0 6.0 9.0 6.0 9.0 6.0 9.0 6.0 9.0 6.0 9.0 54.0 79 I 
3 6 53.0 8.6 53.0 8.6 53.0 8.6 53.0 8.6 53.0 8.6 53.0 8.6 53.0 8.6 53.0 8.6 53.0 8.6 318.0 159.0 77.4 
4 7 80.0 .9 80.0 .9 80.0 .9 80 .0 .9 80.0 .9 80.0 .9 80.0 .9 80.0 .9 80 .0 .9 480.0 240.0 8. 1 
5 8 84.0 84.0 84.0 84.0 84.0 84.0 84.0 84 .0 84.0 504.0 252.0 
6 9 84.0 84 .0 84.0 84.0 84 .0 84.0 84.0 84.0 84.0 504.0 252.0 
7 IO 84.0 84 .0 84 .0 84.0 ,4.0 84.0 84.0 84 .0 84.0 504.0 252.0 
8 11 84 .0 84.0 84.0 84.0 84.0 84 .0 38 .0 46.0 38.0 46.0 38.0 46.0 GI 8.0 138.0 
9 12 84 .0 84.0 84.0 84 .0 84 .0 84.0 84.0 84.0 84.0 756.0 
I O 13 84.0 84.0 84.0 84.0 84.0 84.0 84.0 84.0 84.0 756.0 
II 14 84 .0 84.0 84.0 84 .0 84.0 84 .0 84.0 84.0 84.0 756.0 
12 15 84.0 84.0 84.0 84.0 84.0 84.0 84.0 84 .0 84.0 756.0 
13 16 74.0 74.0 74.0 74.0 74.0 74.0 74.0 74 .0 74.0 666.0 
14 17 26.0 26.0 26.0 26 .0 26 .0 26 .0 26.0 26.0 26.0 234.0 
Tota l 955.0 21.6 955 .0 22.3 955.0 21.1 955 .0 22.3 955.0 22.3 955.0 22.3 524.0 431.0 22.3 524.0 431.0 22.3 524.0 {3 1.0 22 .3 7302.0 1293.0 198 .8 
• G roup 3 fai led to ga in on the proposed ra ti on (Table 2) and it wa s necessa r y to a:ld mi lk and to change th e grain ra ti on (Table 5) in order to sa ve th e calves . 
Table 5. Averag_e Dail), Crain ConsurnfJtion Per Calf by Weeks 
Group I Crot1f> ~ Gro up 3 Group 4 Group 5 Grou p 6 
Week Age 
~oy- I I Skim • W hey a nd I Skim I of of Bea n Basa l T:t 11 k;1i.: c I Ha .~.1 1 Grou nd I Basa l Mi lk Blood Jkts:i l 1\lil k nasa l Blood J Bas,i l Exp. Ca lves Mea l R ation M ix R .11ion Soy Bea n Ration Powder Mea l Ration Powder R ation Mea l R at ion Mix Mix Mix Mix Mix M ix 
No. Wks. lbs. 1/Js. lbs. lbs. lbs. lbs. ibs. lbs. lb s. lb s. lbs. lbs. lbs. 
I 4 .18 .2 1 .17 .16 . 10 .22 
2 
·" 
. 13 .32 .09 .38 .32 .72 '"d 
3 (i .24 .6 1 .00 .45 .48 I. OJ :,, 
,1 7 .36 .93 .52 .88 .70 1.22 0 1-3 5 8 .75 1.40 .93 1.9 1 1.95 2.22 M 
(j 9 1.38 2.24 J.55 2.73 2.45 2.38 z 7 10 1.85 2.78 1.79 3.05 3.42 3.38 
8 II 2.5 1 3 . .57 2.49 3.59 4.47 S.28 Ul 
9 12 2.05 3.63 2.97 3.75 4.24 4 .14 c::: 
10 13 2.80 3.9 1 3.7~ 3.90 4.69 4. 11 '1l 
'1l II 14 3. 17 4.23 3.60 ·1.20 - 4.53 4.48 I:" 
12 15 2.94 4.2 1 3.32 4.54 4.67 4.79 M 
13 16 3.1 9 4.73 3.8!J 4 .58 4.80 4.79 ~ 
1,1 17 2.80 3.94 3.78 3.7 1 3.91 3.97 M 
I !j 18 2.85 3.94 ....... 0 3.77 3.80 3.83 3.98 z 1-3 
l fi 19 3. 16 4 .00 4.00 4.00 3.96 4.00 en 
17 20 3.57 4.00 4.00 4.00 4.00 4.00 
"l 18 2 1 3.68 4.00 4.00 4.00 4 .00 4.00 0 
19 22 3.92 4.00 4.0J 4.00 4 .00 4.00 :,i 
20 23 3.82 4 .00 4.0J 4.00 4.00 4.00 () 
2 1 24 3.88 4.00 4.00 4 .00 4.00 4.00 :,. 
22 25 3.97 4.00 4.00 4.00 4.00 4.00 I:" 
23 26 4.00 4.00 4.00 4.00 4 .00 4.00 < M 
en 
Total Per 
Ca lf 190.S 2 10.0 284.5 224 .0 1.84 224.0 226.7 29 1.4 224.0 312. 1 224.0 327. 1 224.0 
Av. Per Ca lf 
Per Day I.S I 3.7.5 2.7 1 4.00 .00 4.0) 2.70 2 .78 4.00 2.97 4.00 3. 12 4.00 
Av Per Calf Per 
Day All Grai n 2.49 3. 16 2.8 I 3.20 3.33 3.42 
'"* It was ne<:c s~ary to t hange the g rain rat io n to increase the pa latabi lity o:· the d ry g ra: n .1 nd to save the ca h ·es. 
...... 
c:.n 
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was discontinued and the two calves (8 and 9) r eceiving whole milk 
were changed to skim milk which they received until they were six 
months of age. It was necessary to feed the milk to calves numbered 
8 and 9 for such a long period in order to restore them to normal. 
The changes in the feeding sch edule for Group 3 are given in 
Table 4. The calves in this group lost an average of 7.6 pounds each 
during the first three weeks of the experiment and at the end of the 
first month they averaged 1.9 pounds under the initial weight. To 
save the calves in this group it was necessary to discontinue feeding 
the ground soy beans in liquid form, to change the dry calf starter 
with ground soy beans as a source of protein to the one used for 
Group 5 which derived its protein from skim milk powder, and to 
allow the calves to drink skim m ilk and whole milk. Calves num-
bered 19 to 24 were allowed 12 pounds of skim milk daily from the 
time .the feeding schedule for this group was modified during the third 
week of the experiment until they reached the age of four months. 
Calves 25, 26, and 27 were given 12 pounds of whole milk from the 
third week of the experiment up to the end of the eight weeks at 
which time they were changed to 12 pounds of skim milk which was 
fed through the 14th week of the experiment or until the calves were 
four months of age. R ecovery and return to normal weight will be 
discussed under average gains and under average weights and measure-
ments at weekly intervals. 
Table 6. Average Daily Alfalfa H ay Consumption Per Calf by W eeks. 
Week Age 
\ Group 6 of of Group I G roup 2 Group 3 Group 4 Group 5 
Exp. Calves 
No. Wks. lbs. lbs. lbs. lbs. lbs. lbs. 
I 4 .2 1 .32 .33 .1 6 . II .36 
2 5 .22 .46 .33 .2 1 .35 .38 
3 6 .40 .84 .33 .29 .35 .73 
4 7 .97 1.30 .70 1.29 1.36 2.00 
5 8 .88 1.82 .83 2.05 2.08 2.02 
6 9 l.38 1.89 I.OS 2. 16 2.46 2.21 
7 10 1.41 1.93 J.62 3.05 3.06 2.64 
8 I I J.50 1.46 I.SI 2 .27 1.68 2.04 
9 12 1.93 J.88 1.49 2.41 2.30 2 .02 
IO 13 2.02 1.93 1.89 '.! .00 2.43 2 .30 
II 14 l.89 1.95 J.75 2.21 2.90 1.61 
12 15 3.41 2.73 2.83 2.82 3.51 3.04 
13 16 3.30 2.41 2.89 2.75 3.87 2.02 
14 17 5.04 4.29 4.56 4.32 4.87 4.80 
15 18 7.59 5.4 1 7.35 4.33 7.08 6.02 
16 19 9.05 5.05 7.51 6.90 7.81 6.77 
17 20 6 36 5.64 5.60 5.29 6.11 5 .93 
18 2 1 '/.57 8.05 7.35 6.49 6.48 7.40 
19 22 7.86 6.96 6.f,5 6.48 6.25 6.1 8 
20 23 7.63 6.43 7.05 6.56 7.25 7.27 
2 1 24 7.95 7.80 8. 13 6.17 6.65 7.64 
22 25 8.68 7.95 9.65 8.83 7.40 8.05 
23 26 8.46 8.20 8.43 7 .08 7.48 7.86 
Total Per Calf 669.81 606.96 632.00 602.71 65 7 .03 638.71 
Av. l'er Calf 
Per Day 4.16 3.77 3.93 3.74 4.08 3.97 
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Table 7. Initial and Final ·weights, Measurements, and Total Gains of Calves. 
Group\ Calf 
No. No. I 
Weight I H eart Girth 1 
Initial\ Final I Total . . I . I Total 
• • Gain Initial Fm al Garn 
D iagonal Le ngth I H eight at Withers 
. . . Tota l . . . Total 
Final I Ini tia l\ Gain lnit,a l\ F inal Gain 
lbs. lbs. lbs. cm. cm. c 111. cm. cm. cm. cm. cm. rm. 
l 137. 404. 267. 86. 132. 46. 80.5 11 2.5 32.0 83.5 104.0 20.5 
2 137. 412. 275 . 89. 130. 41. 82 .5 11 2 .5 30.0 81.5 101.5 20.0 
3 129. 384. 255. 85 . 131. 46. 76.0 11 0.0 35.0 77 .5 103.5 26.0 
5 122. 372. 250. 84. 127. 43. 77 .5 ll0.0 32.5 77.5 ]01.5 24.0 
6 117. 355. 238. 85. 126. 4 1. 78.5 109.0 30.5 75.5 100.0 24.5 
7 l 12. 333. 221. 83. 122. 39. 75.0 108.0 33.0 79.0 101.0 22.0 
8 11 3. 284. 171. 83 . ll6. 33. 75 .0 107.5 32.5 81.5 100.5 19.0 
9 104. 286. 182. 81. 11 6. 35. 72 .5 102.5 30.0 76.5 97.0 20.5 
----A~,-,c-. - ~l 21.4 353~232~84.5 l 25Jl40·-,5~ -=77~.~2~ l~0~9~.l- 3~l~.9=--=797 ,~l ~ l~O~l ~. l- 2cc2c-.c-I 
JO 141. 3M. 253. 87. 127. 40. 82.0 l 14.0 32.0 78.0 104.0 26.0 
11 140 . 379. 239. 9 1. 129. 38. 80 .0 11 2.0 32.0 84.0 I 06.5 22.5 
12 131. 344. 213. 87. 125. 38. 76.0 101.5 28.5 76.5 101.5 25.0 
13 122 . 382. 260. 84. 126. 42. 74.5 109.5 35.0 78.5 105.0 26.5 
2 14 122. 3 17. 195. 85 . 12 1. 36. 74.0 10 1.0 27 .0 76.5 98.5 22.0 
16 ll 5. 329. 214. 84. 125 . 41. 74.0 104 .0 30.0 79.0 98 .0 19.0 
17 11 0. 30G. 196. 83. 120. 37. 72.0 106.5 34.5 77 .0 98.0 2 1.0 
18 104. 341. 237 . 82. 127. 45. 72 .0 108.0 36.0 75.0 103.0 28.0 
____ A_v_e_. - 1~2~3-. l- 34~22~8:f4125.0 39.6 75.6 107.4 3-l ~.8- ~7~8-.1--10~1~.~8~2~3~.7-
19 141. 371. 230. 91. 130. 37. 80.0 ll 2.5 32.5 78.5 102.0 23.5 
20 133. 35 1. 2 18. 90. 129. 39. 77.5 107.5 30.0 81.5 105.0 23.5 
2 1 138. 426. 288. 85. 130. 45. 80.0 11 5.0 35 .0 80.5 l 04.5 24.0 
22 122. 386. 264. 87. 135. 48. 74.0 107.5 33.5 80.0 103.0 23.0 
23 121. 365. 2H. 83 . 123 . 40. 72.0 l 06.0 34.0 76.0 98.5 22.5 
2'l l 18. 326. 20S. 85. 125. 40. 75.0 104.5 29.5 78.0 102.0 24.0 
25 11 2. 32 1. 209. 83. 126. 43. 76.0 108.5 32.5 79.5 103.0 23.5 
26 11 0. 343. 233. 83. 124. 41. 72.5 107.5 35.0 77.5 102.5 25 .0 
27 105. 321. 216. 82 . 127. 45 . 71.5 104.5 33.0 76.0 103.0 27.0 
- ---A~v-c-. -~l 2~2~.2~ 3.56. 7 234.5 85~27~.~7~ 4~2~.o-~7~5~.4~ ~1~087 .~2---c3~2~.8-~7~8~.6=-71~02~.~6____,2~4~.o~ 
4 
5 
28 
29 
30 
31 
33 
34 
35 
36 
37 
Ave. 
38 
39 
40 
41 
42 
43 
44 
45 
46 
140. 339. 199. 87. 123 36. 76.0 l Q6.5 30.5 
137. 341. 204. 87 . 126. 39. 75 .5 104.0 28.5 
l 29. 373. 244. 85. 125. 40. 79.0 109.5 30.5 
124. 322. 198. 88. 124. 36. 78.0 l 05 .5 27 .5 
11 9. 341. 222. 86. 126. 40 . 73.5 106.0 32.5 
l 16. 381. 26:i. 84. 129. 45. 75.5 111.0 35.5 
109. 318. 209. SL. 126. 45 . 70.5 107.0 36.5 
107. 288. 18 1. 82. 123. 41. 71.5 104.0 32.5 
121. 340. 219. 84. 124 . 40. 77.5 106.5 29.0 
122.4 338.1 2 ,·~s~.7~ -=s47 .~9~1~2~5~.1- ,,~.o~.2~-=75~.~2-·106.7 31.5 
78.5 101 .5 23.0 
83.0 104.5 21.5 
79.5 103.5 24.0 
81.0 101.5 20.5 
73 .0 I 03.5 30.5 
78.5 I 07 .0 28.5 
77.5 102.5 25.0 
72.5 98.!, 26.0 
76.0 l 02.0 26.0 
77.7 102.7 25.0 
145. 434. 289. 90. 136. 46. 80.0 ll 5.0 35.0 80.0 108.5 28.5 
127. 361. 234. 85. 130. 45. 76.5 109.5 33.0 76.0 101.0 25 .0 
129. 372. 243. 84. 128. 44. 77 .5 109.0 31.5 76 .0 102.5 26.5 
128. 348. 220. 85. 126. 4 1. 74.5 109.5 35.0 79.0 100.5 2 1.5 
119. 324. 205. 84. 126 . 42 . 75.5 106.0 30.5 78.0 102.5 24.5 
115. 352. 237. 85. 129. 44. 73 .0 ]04.0 31.0 77.0 105.5 28.5 
11 9. 403. 284. 85 . 135. 50. 75 .5 ll 3.0 37.5 80.5 106.5 26.0 
106. 37 1. 265. 82 . 128. 46. 73.0 108.5 35.5 76.5 102.5 26.0 
JOS. 28~. 185. 82. 121. 39. 73.0 100.5 27 .5 76.0 99.0 23.0 
------ - - --------- -------- ---------
6 
Ave. 
48 
49 
50 
52 
53 
.54 
55 
56 
12 1.2 361.4 240.2 84.7 128 .8 44.1 75.4 108.3 32.9 77.7 103.2 25 .5 
142. 
13 1. 
129. 
120. 
11 9. 
J 17 . 
108. 
106. 
361. 2 19. 
372. 24 1. 
347. 2 18. 
349. 229. 
361. 242 . 
352. 235 . 
333. 225. 
345. 239. 
88. 127. 39.0 84.0 I 08.0 24.0 
88. l 33. 45.0 76.0 I 09.5 33.5 
85. 124. 39.0 77.5 I 10.0 32.5 
84. J 26. 42 .0 76.0 I 08 .5 32.5 
85. 128. 43.0 72 .0 108.5 36.5 
83. 123 . 10.0 74.0 108.0 34 .0 
8 1. 124. 43.0 72.5 106.0 33.5 
80. 122. 42 .0 70 .5 108.5 38.0 
78.0 101.0 23.0 
77.5 105.0 27.5 
78.0 103 .0 25.0 
74.5 99"'\ 25.0 
73.5 I 05.0 31.5 
77 .0 100.0 23.0 
77 .0 97 .5 20.5 
77 .5 102.5 25.0 
Ave. 121.5 352.5 231.0 84.2 125.9 4 1.7 75.3 109.4 34.1 76.6 101.7 25. l 
• Initial refers to the start of the experiment (age of calves three weeks) and final refers to 
the close o f the experiment (age of calves 26 weeks) . 
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Results 
Mortality.-The calves were apparently h ealthy and free from dis-
ease at the beginning of the experiment. Nevertheless four calves 
died during the first month and one other calf had to be removed 
due to a severe attack of pneumonia . One calf died in each of Groups 
l, 4, 5, and 6, and the calf taken off the experiment was in Group 2. 
A careful examination of each calf failed to indicate that the loss 
could be attributed to the ration. The total number of calves in each 
group at the completion of the experiment was eight each for Groups 
1, 2, and 6, and nine calves each in Groups 3, 4, and 5 or a total of 
51 calves. 
Feed Consumption.-The average daily grain consumption per calf 
by weeks is shown for each group in Table 5. During the first several 
weeks of the experiment grain was fed ad libitum but only a small 
quantity was consumed. There was a gradual increase in grain con-
sumption until some calves consumed in excess o f five pounds daily 
at which time five pounds was taken as the maximum allowance. The 
maximum allowed was reduced to four pounds per calf daily at the 
14th week of the experiment or when the calves r eached an age of 
four months. The table gives the quantity of dry calf starters (various 
mixes) consumed by each group during the early part of the experi-
ment and also the basal ration fed to all groups from the age of four 
to six months. The average for all grain consumed per calf p er day 
by the calves in the groups continued on the experiment without 
modification up to six months of age was as follows: Group 2, 3.16 
pounds; Group 4, 3.20 pounds; Group 5, 3.33 pounds; and Group 6, 
3.42 pounds. The calves of Groups l and 3 consumed considerably 
less since they received a portion of their r equired nutrients from the 
skim and whole milk added to their ration. 
The daily average alfalfa hay consumption per calf by weeks is 
given in Table 6. During the first three weeks of the experiment or 
until the calves reached the age of six weeks, only a limited amoun t 
of alfalfa h ay was consumed. The highest average per calf during 
any week was 9.05 pounds for Group 1. T h e total amount of h ay 
consumed up to six months of age varied from 602.71 pounds 
(Group 4) to 669.81 pounds (Group 1) . T h e average hay consumed 
per calf per clay for the groups in order from 1 to 6 was as follows: 
4.16; 3.77; 3.93; 3:74; 4:08; and 3.97 pounds. 
Measurement of Gains.- The initial and final weights, measure-
ments, and total gains of each calf are shown in Table 7. For indi-
vidual calves, the original weights ranged from 103 to 145 pounds and 
the final weights from 284 to 434 pounds while the total gain per 
calf varied from 171 to 289 pounds. The average initial weights per 
calf listed in order for Groups 1 to 6 were 121.4; 123.1; 122.2; 122.4; 
121.2; and 121.5 pounds. The final weights listed in the same order 
by groups at the age of six months averaged 353.8; 349.0; 356.7; 338.l ; 
361.4; and 352.5 pounds. The total average gains per calf by groups , 
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in order were: 232.4; 225.9; 234.5; 215.7; 240.2; and 231.0 pounds. 
Similar comparisons and variations can be noted in the m easurements 
of the calves. 
The average gain made per calf in each group for a given week 
and also the average daily gain in weight per calf by groups at weekly 
intervals is given in Table 8. It will be noted that during the early 
part of the experiment four groups showed satisfactory weekly and 
daily gains, but Groups 1 and 3 did not. The calves in Group 1 
showed no gain during the first week and during the second week of 
the experiment they were unable to maintain their initial weight indi-
cated by an average loss of 1.75 pounds per calf. To save these calves 
a partial modification h ad to be made for this group during the third 
week of the exp eriment as explained previously in T able 3. It was 
not until the sixth week of the experiment that the calves in this group 
recovered sufficiently to make a normal weekly and daily gain. A 
gradual r ecovery followed from the additional milk feeding until the 
calves were normal. The calves in Group 3 showed a very small 
average gain during the first week of the experiment, but this was 
followed by a heavy loss during the second and third week. The 
average daily loss per calf during the second week was .68 pound and 
this was followed by an average loss of .63 pound for the third week. 
To save the calves, a complete modification in the feeding sch edule 
h ad to be made for this group as explained in Table 4. The calves 
in this group returned to a normal daily and weekly gain during the 
fourth week of the experiment and gradually they gained enough in 
weight and measurements to return to normal. Although Group 3 
h ad a greater decrease in weight than did Group 1, they showed a 
more rapid rate of recovery because they were allowed six pounds of 
milk twice daily as compared to four pounds for the calves in Group 1. 
The larger quanti ties of milk seemed advisable for Group 3 because 
of the degree to which the growth of the calves in this group had 
been checked. 
A summary of average weights and measurements at monthly in-
tervals is shown in Table 9. The r esults obtained in this experiment 
m ay be compared with the figures for standard weights and h eights 
at withers presented in Table 1 in the review of literature. In Table 1 
the normal standard body weights at six months of age for Holstein 
calves are as follows : Eckles and Swett (4) and Eckles (3), 349 pounds; 
Espe et al (5), 358 pounds; and Ragsdale (12) , 355 pounds. In Table 9 
the average weight p er calf a t six months of age for each group from 
1 to 6 was respectively, 353.7, 349.0, 356.7, 338.1 , 36 1.4, and 352.5 
pounds. All groups were normal or above except Group 4 and for 
this group the difference or variation is not significant. Group 4 aver-
aged about one centimeter above the normal at height of withers and 
the other five groups compare favorably with the normal and all 
groups are as high as the standard given in Table 1. 
Feed Requirements for Calf Gains.-Feed r equired per hundred 
pounds of gain from the age of 3 to 26 weeks is summarized in Table 
Table 8. Average Weekly and Daily Gains {n Weight Per Calf ,During Experiment. 
Week I Age I Average Weekly Cai n Per Calf Average Daily Cain Per Calf of of 
Croup 2 I Croup 3 Croup 41 Croup 5 \ Croup 6 Exp. Calves Croup I C roup 4 Group 5 Croup 6 Croup I Croup 2 Croup 3 
No. Whs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
I 4 4.00 1.56 6.00 4.44 :L2lj .57 I .223 .857 .634 .464 
2 5 - 1.75 1.25 -4.78 6.67 6.33 :L6~ - .250 . 178 - .683 .953 .904 .5 17 
'I 6 2. 12 3.25 -4.44 4.22 4.67 6.6~ .303 .464 -.634 .603 .667 .946 
4 7 1.87 3.00 5 .78 3.44 4.77 :l.00 .267 .428 .826 .491 .681 .7 14 
:, 8 'J.87 6.50 10.78 9.22 9 . 11 7 .50 .:,:\3 .928 1.540 1.3 17 1.301 1.07 1 
Ii !J 9.75 7.75 10.56 7.33 11.89 7 .75 1.393 1.1 07 1.508 J.047 1.698 1.707 
7 JO 8.!l7 7 .7:J 9.22 7.67 10.67 7.87 l.1 9(i 1.107 1.3 17 1.096 1.524 1. 124 
8 II 14 .62 11 .50 16.44 11.89 10.11 I 2.00 2.088 1.643 2.348 J .698 1.444 1.7 14 
9 12 11.25 8.87 11 .00 6.56 12.78 8.62 1.607 J.267 J.571 .937 1.826 1.23 1 
10 13 10.00 6.87 13.78 6.89 8.56 7 .87 1.428 .98 1 1.968 .984 1.223 1. 124 
11 14 10.50 6.12 10.78 6.89 10.44 9.2:; 1.500 .874 1.540 .984 1.491 1.32 1 
12 I.~ 14. 1'.! 11 .37 8. 11 9.67 10.33 9.75 2.017 1.624 l.158 l.381 1.476 1.393 
I 3 16 10.75 11.1 2 15.89 10.89 11 .67 11 .50 1.536 1.588 2.270 1.556 1.667 1.643 
14 I 7 16.87 I 3.50 17.44 10.44 12 .11 11.50 2.4 I 0 1.928 2.49] 1.491 1.730 1.643 
15 18 12.37 12.50 10.22 8.78 12.11 13.25 1.767 1.786 1.460 1.254 1.730 1.893 
16 19 I 1.12 9.00 9.56 10.44 9.89 14.62 1.588 1.286 1.366 1.491 1.413 2.088 
I 7 20 10.12 16.50 20.67 16.33 18.44 14 .25 1.446 2.357 2.953 2.333 2.634 2.036 
18 2 1 17.00 12.75 7.11 10.56 8.33 13.50 2 .428 1.82 1 1.0 16 1.508 J.1 90 1.928 
19 22 15.37 20.50 17 .33 15.89 16.00 17.87 2 .1% 2.928 2.476 2 .270 2.857 2.553 
20 23 12.50 9. 12 7.67 7,66 7.79 10.50 1.786 1.303 1.096 1.094 1.11 3 l.500 
2 1 24 18.00 13.75 15.00 13.44 16.89 I 2.75 2.571 1.965 2.143 1.920 2.4 13 1.82 1 
22 25 11.75 16.12 13. 11 10.44 10.33 8.75 1.678 2.303 1.873 1.491 l.476 1.250 
23 26 11.75 14.89 J l.63 14.33 12.67 13.38 l.679 2.127 l.661 2 .048 1.810 l.91 1 
Average• 10.10 9.82 10.20 9.38 10.44 10.04 1.44 3 1.403 J .457 1.340 1.492 l.435 
• Averages were determined from Table 7 . 
Table 9. Summary of Average Weights and Measurements by Months . 
Age \ Weight, Average Per Calf Height at Withers, Average Per Calf I H eart Girth, Average Per Calf I Diagonal Length, Average Per Ca lf 
C 01f Croup\Group GrouplGroup J G roup ]Group Group! Group I Group JGroup \Group 1croup Group] Group I Group I Group ] Groupj Group Group1Group1 Group Group G roup Group 3 ves I 2 3 4 5 6 J 2 3 4 5 6 l 2 3 4 5 9 I 2 3 4 5 6 
f 
Nfos. lbs. lbs. lbs. lbs. lbs. lbs. CUL cm. cm. cm. etn. cm. on. cm. cm. cm. crn. cm. cm. on. cm. cm. cm . cm. 
Start• 121.4 123. 1 122.2 122.4 121.2 121.5 79. 1 78. l 78.6 77.7 77.7 76.6 S4.5 85.4 85 .7 84.9 84.7 84.2 77.2 75.6 75.4 75 .2 75.4 75.3 
I 121.4 .1 27 .I 123.8 128.4 125 .7 124.7 79.5 79.4 79.3 79.4 79.0 78.3 84.3 85.2 86. 1 87.4 85 .9 86.2 77.6 76.4 74.9 77.6 76.0 76 .9 
2 137.2 146.4 141.7 159.3 162.4 155.2 82.2 82.4 81.5 84. l 83.0 82 .5 89.6 91.6 9 1.4 94.9 94.8 93.2 79.5 78 .0 78.2 81.0 81.7 81.0 
3 181.5 I 81.4 192. 1 192.3 204.6 119.6 85.3 85 .6 86.4 87.2 87.7 86 .1 97.9 98.4 100.2 101 .3 10 1.8 99.6 86.9 85.2 85 .6 87 .4 88.7 86.3 
4 233.8 223.5 244.3 230.2 249.0 233.6 91.1 90. l 91.2 9 1.9 91.7 90.9 l O!'i.0 104. 1 107.3 107.2 108.7 106.6 92.7 90.9 91.8 91.4 94.2 93.2 
5 299.7 294.7 309.2 292.2 313.8 307.5 97.3 96.4 97.8 97 .5 97 .7 95.9 11 5.7 11 6 .5 117.6 117.6 11 8.7 11 7.6 100.8 99.3 100.4 99.9 101.6 102.6 
6 353.7 349.0 356.7 338. l 361.4 352.5 101.1 I 01.8 102.6 102.7 103.2 101.7 125.0 125.0 127. 7 ]25.l 128.8 125.9 109.1 107.4 108.2 106.7 108.3 108.4 
Cain •• 232.3 225.9 234.5 2 15.7 240 .2 231.0 22.0 23.7 24.0 25 .0 25.5 25.0 40 .5 39.6 42.0 40 .2 44. 1 41.7 31.9 31.8 32.8 31.5 32.9 33.1 
• C,tlvcs were 3 weeks c:,ld at s_tarl_ ?f CXJ:>eriment. 
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IO. It will be noted that the two groups which were stunted, on the 
soybean meal (Group I) and the ground soy beans (Group 3), had 
the highest r equirement for total digestible protein and total diges tible 
nutrients per hundred pounds of gain. The fact that these calves 
a lso had to be given a considerable quantity of additional milk to 
bring about recover y indicates that it is very uneconomical to feed 
improper rations to young calves. 
Table 10. Feed Required Per Hundred Pounds of Gain (Age 3 lo 26 Weeks). 
Gain Feed Consumed Per I 00 Pounds Gain 
.Per 
Group Calf I Protein I Vitamin ! I Total .. I Tota!•• 23 Whole\ Skim Supple- Concen- Crain Alfalfa Di gest ible Digestible 
Weeks Milk Milk ment'* tratc Hay Protei n Nu tri ents 
No. lb s. lbs. lb s. lbs . lbs . lbs . lbs. lbs. lbs. 
I 232.4 95.8 310.3 10.9 l.9 172.3 288 .2 74.29 322 .96 
2 225.9 22. 1 7.6 2. 0 225. 1 268.7 67.16 307 .87 
3 234.5 6 1.3 346.0 9.4 2. L 193.0 269.5 74.74 325.97 
4 2 15.7 23.2 15.8 2.1 238.9 279.4 70.64 333. 11 
5 240.2 20.8 11.0 2.0 223.2 273.5 64 .83 312.88 
6 231.0 2 1.6 5.4 2.2 238.6 276 .5 70.07 320.06 
'* Protein supplement consisted of: Group I, soybea n mea l; Group 2, tan kage; Group 3, 
ground soy bea ns; Group 4, blood meal (8. 1 pounds) and dried whey (25.9 pounds); Group 5, 
skim milk powder; Group 6, blood meal. 
*"' Does not include the vitamin concentrate. 
Due to the fluctuation in prices from time to time, no attempt has 
been made to compare the calf starters on the basis of cost. However, 
the total feed required to raise a calf to an age of six months is given 
in Table 11 for the groups that m ade normal gains and a cost com-
parison can be made at any time by applying current market prices to 
the various feeds required in the ration. 
Reliability of Results.-The results obtained in this experiment 
were tested statistically by analysis of variance. The tests were applied 
at the ages of 8, 18, and 26 weeks. The first test, age 8 weeks, was 
made to determine whether the variations in gain in weight were 
significant during the early part of the experiment when each group 
received a different calf starter and the groups fed soybean meal and 
ground soy beans as a source of protein had to be changed to a more 
desirable ration. The variations at this age proved to be highly sig-
nificant for Groups I and 3 and significant for Group 2. It was not 
necessary to change the calves in Group 2 and since they were normal 
at a later age, this part of the experiment would have to be repeated 
to draw any definite conclusions as to the desirability of using tankage 
as a source of protein in a dry calf starter for calves at an early age. 
For practical purposes, a point of importance is that although this 
group (2) made the least gains during the exp erimental p eriod, a test 
of sign ificance made the age of 18 weeks when the feeding of the calf 
starters was discontinued and all calves received the basal ration 
showed no significant differences in the gains. The conclusion then 
follows that calves can be raised satisfactorily when tankage is used 
as a source of animal protein in calf starters. The test of significance 
applied to the gains at the age of 18 weeks when all the calves were 
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placed on the same basal ration indicated no significant differen ces 
which shows that there is no difference between the gains of the four 
groups using tankage, dried whey and blood meal, dried skim mil k, 
and blood meal as a source of protein in the calf starters and that the 
groups taken off the ration with soybean meal and soy beans h ad 
recovered sufficiently on the more desirable ration to return to normal 
for weight and gain in weight. T h e statistical test applied to the 
gains in weight at the age of six months or at the close of the exp eri-
ment showed no significant difference and supports the conclusions 
given above. 
Table 11. Feed R equired to Raise Holstein Calves to Six Months of Age. 
Source I •Average I Skim Protein I \Vitamin \ Basal Gro up of ·Prolcin W eight at Whole Supple- Calf Concen- C rain Alfalfa 
in Calf Starter 6 Months Milk Milk rrtent • Starter •* trate• * '* M ix Hay 
No. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
2 Tankage 349.0 3 weeks 50 17.1 284.5 4.5 224 .0 607 .0 
4 Dried Whey and 
Blood Meal 338.1 3 weeks 50 34.0 291.4 4.5 224.0 602.7 
5 Dried Skim Milk 361.4 3 weeks 50 26.5 312. 1 4.8 224.0 657.0 
6 Blood Meal '!52.5 3 weeks 50 12.5 327. l 5.0 224.0 638.7 
• T he protein supplement consisted of the feed listed under Source of Protein in Calf Starter, 
Colum 2, in above table. 
•• Calf starters presented under experimental proced ure . Mix for each gro up has the same 
number as the exper imental group. 
••• N OPCO XX. 
Summary 
Fifty-one grade Holstein calves which had received whole milk for 
three weeks were fed to six months of age. Each group was allowed 
fifty pounds of skim milk after which they were expected to obtain 
their nutrients from the protein supplement provided in liquid form, 
a dry calf starter, and green alfalfa h ay (U.S. No. 1). The source of 
supplemental protein in the dry calf starter for each group was: 
Group 1, soybean meal; Group 2, tankage; Group 3, ground soy beans; 
Group 4, dried whey and blood meal; Group 5, dried skim milk 
powder; and Group 6, blood meal. A vitamin A and D concentrate 
first was fed to each calf in the liquid and later it was thorough! y 
mixed with the calf starter. T h e several calf starters were fed to four 
months of age after which all the groups received the same basal 
grain mix . 
The calves on the soybean meal . (Group 1) and the ground soy 
beans (Group 3), lost weight and became very emaciated but were 
allowed to r emain on experiment as long as possible with the h op e 
that they might recover from the temporary setback. However, when 
these calves became too weak, they were switched to a more desirable 
ration. R ecovery was gradual and the rate was apparently dependent 
upon the degree to which growth had been checked and also on the 
quantity of skim milk or whole milk supplied. When feel the addi-
tional milk they eventually gained sufficiently to be normal in weight 
for their age. These two groups had the highest r equirement for total 
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digestible protein and total digestible nutrients per hundred pounds 
of gain which indicates that it is poor economy to feed improper 
rations to young calves. It may be concluded that under the condi-
tions of this exp eriment, soybean meal and ground soy beans were not 
satisfactory as the principal source of protein in a dry calf starter for 
calves of approximately one month of age. 
The four groups of calves receiving the animal protein in the 
dry calf starter, namely, tankage, dried whey and blood meal, dried 
skim milk, and blood meal, made normal growth. Average weights 
at six months of age per calf and the average daily gain per calf were 
as follows: Group 2 (tankage) 349.0 pounds, 1.40 pounds; Group 4 
(whey and blood meal) 338.1 pounds, 1.34 pounds; Group 5, (dried 
skim milk) 36 1.4 pounds, 1.49 pounds; and Group 6, (blood meal) 
352.5 pounds, 1.44 pounds. 
The results were tested statistically by analysis of variance and the 
differences in the gains between the calves on the soybean meal and 
soy beans when compared to the gains in weight of the four groups 
receiving animal protein were highly significant at eight weeks of age. 
The statistical test was also applied at the age of four months when 
the feeding of the dry calf starter was discontinued and again at six 
months at the completion of the experiment and no significant differ-
ences were obtained among the six groups. This indicated that the 
two groups which originally were stunted on the poor rations had 
recovered on the more desirable rations. Except for the tankage group 
at eight weeks, there were no significant differences for the gains 
among the four groups of calves receiving the animal protein in their 
rations at any period of the experiment. 
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